This report presents Iowa's annual inventory results for 2005. Estimates show that Iowa has more than 2.8 million acres of forest land. Total live-tree volume on forest land is 4.0 billion cubic feet (ft 3 ). Ninety-eight percent of forest land is classified as timberland. Oak/hickory is the predominant forest-type group, representing 54 percent of timberland area. Growing-stock volume has risen to an estimated 3.1 billion ft 3 . Livetree aboveground biomass is 112 million dry tons. In general, Iowa's forests are healthy. However, diseases, including white oak decline and Dutch elm disease, and the threat of invasion from exotic species such as emerald ash borer and nonnative plants are a concern when assessing the health of Iowa's forests.
INTRODUCTION
The forest resources of Iowa are annually inventoried by the Northern Research Station' s Forest Inventory and Analysis (NRS-FIA) program. Annual inventory is based on data from a set of field plots that are systematically located across the entire state. Each year, a new panel consisting of one-fifth of the total field plots is measured and combined with four previously measured panels. From these "moving average" estimates, annual inventories are available for each year since 2003, providing yearly estimates for such variables as area, volume, and biomass. Estimates for components of change (growth, removals, and mortality) are based on remeasured plots. For this report, estimates of growth, removals, and mortality were calculated using two panels of plots measured in 1999 and 2000, and then remeasured in 2004 and 2005. Reported estimates are based on sampling and estimation techniques of Bechtold and Patterson (2005) . All of the tables in this report and many others can be generated at the Mapmaker Program at http://nrs.fs.fed.us/fia/data-tools/mappingtools/default.asp.
RESULTS

Area
There are approximately 35.7 million acres of land in Iowa (U.S. Census Bureau 2006). Eight percent of the state' s total land area, or more than 2.8 million acres, is forest land 1 (Table 1) .
Forest land has three components:
1. Timberland 2 -land that is not restricted from harvesting by statute, administrative regulation, or designation and is capable of growing trees at a rate of 20 cubic feet (ft 3 ) per acre per year.
2. Reserved forest land-land that is restricted from harvesting by statute, administrative regulation, or designation (e.g., state parks, national parks and lakeshores, and federal wilderness areas).
3. Other forest land-land that is not capable of growing trees at a rate of 20 ft 3 /ac/yr and is not restricted from harvesting.
Timberland totals 2.8 million acres and accounts for 98 percent of forest land ( Table  2 ). The remaining 2 percent (55.2 thousand acres) of forest land is classified as reserved or other forest land.
Timberland area declined in the late 1950' s and continued to do so through the early 1970' s. A record low was recorded in 1974 when timberland was an estimated 1.4 million acres ( Private owners hold nearly 9 of every 10 acres of Iowa timberland ( Table 2 ). The remaining area (312 thousand acres) is publicly owned. Public ownership ensures that people will have access to forest recreation opportunities and helps protect wildlife habitat and watershed quality.
Ninety-six percent of Iowa' s timberland is composed of hardwoods ( Table 3 ). Poletimber and sapling/seedling stands represented 21 and 12 percent, respectively; remaining timberland was nonstocked.
The considerable area of sawtimber indicates a mature forest. However, the relatively high proportion of sapling/seedling acreage in the eastern redcedar and eastern redcedar/hardwood forest types suggests a growing eastern redcedar resource.
Volume
Total net volume of live trees on forest land is 4.0 billion ft 3 , or 1,424 ft 3 /ac of forest land (Table 4 ). Net volume is gross volume less deductions for rot, sweep, or other defects affecting use for timber products, and is computed from a 1-foot stump to a 4-inch diameter top (outside the bark) for live trees at least 5 inches in d.b.h. Eighty-six percent of live volume is on privately owned forest land (Table 4) . Virtually all (99 percent) of the volume of live trees on forest land is in hardwoods; 31 percent of live-tree volume is in oak species, primarily bur, white, and northern red oaks (Table 4) .
Ninety-eight percent of live-tree volume is on timberland (Table 5) ; 77 percent of this volume is in growing-stock trees. Growing-stock volume has traditionally been used to ascertain wood volume that is useful for commercial purposes. It is the amount of solid wood in commercial trees 5 inches in d.b.h. or larger, measured from a 1-foot stump to a minimum 4-inch diameter top, with deductions for poor form or defect. Excluded are rough, rotten, and dead trees, and trees of noncommercial species.
Growing-stock volume on Iowa' s timberland has been on the rise since 1974, gradually increasing each year since 2003 (Fig. 4) . Nearly doubling from 1.6 billion ft 3 in 1990, the estimate of growing-stock volume for 2005 is 3.1 billion ft 3 (Fig. 4) . This increase reflects a forest in which larger trees continue to increase in volume.
Slightly more than half of total growing-stock volume is in the oak/hickory forest-type group ( (Table 7) .
Sawtimber volume is the volume of the sawlog portion of growing-stock trees of sawtimber size expressed in board feet (International 1/4-inch rule). Iowa sawtimber volume totals 11.3 billion board feet (Table 8) . Virtually all of Iowa sawtimber volume is in hardwood trees; less than 1 percent of sawtimber volume comes from softwoods. Six species account for 62 percent of the sawtimber volume in Iowa: eastern cottonwood (1.4 billion board feet); silver maple, white oak, and bur oak (1.2 billion board feet each); northern red oak (1.0 billion board feet); and black walnut (864 million board feet) ( dead trees that are considered merchantable by regional standards, make up an estimated 57.4 million ft 3 of wood volume (Table 5) . Salvable dead trees have commercial applications and are an important source of firewood. They also play an important role in overall species diversity, providing habitat for a wealth of wildlife species, including cavity nesting birds and mammals that require den sites.
Biomass
Biomass estimates are becoming increasingly important in analyses of questions related to carbon sequestration, wood fiber availability for fuels, and assessment of fuel loads in forest stands. Live-tree aboveground biomass was estimated for growing-stock and nongrowingstock trees, and live trees 1 to 5 inches in d.b.h. (Table 9 ). In 2005, live-tree aboveground biomass on Iowa' s timberland was an estimated 112 million dry tons (an average of 39 dry tons/ac of timberland). Ninety-nine percent or 111 million dry tons of biomass was in hardwood species. Sixty-nine percent of live-tree aboveground biomass was in growingstock trees, 26 percent in nongrowing-stock trees, and 5 percent in trees 1 to 5 inches in d.b.h. For both growing-stock and nongrowing-stock trees, nearly 75 percent of total aboveground biomass was in the boles of trees; the remainder was in stumps, tops, and limbs (Table 9) .
Growth, Removals, and Mortality
Estimates of growth, removals, and mortality provide information on changes and trends in forest resources over time.
Net growth (gross growth minus mortality) of growing stock on Iowa' s timberland increased by an average of 141 million ft 3 /yr (Table 10) . Virtually all (99 percent or 139 million ft 3 ) of annual net growth was in hardwoods. The majority of hardwood growth occurred in the select white oaks (24.7 million ft 3 /yr) and other eastern soft hardwoods species groups (23.3 million ft 3 /yr) (Table 10) . Softwoods accounted for the remaining 1 percent of net growth. Seventy-nine percent of net annual growth for all species groups was on private land (Table 10) .
Average annual removals of growing stock on timberland totaled 18.2 million ft 3 /yr, or 13 percent of annual net growth (Table 11) . Eighty-five percent of annual removals occurred within five species groups: black walnut (4.2 million ft 3 /yr), select red oaks (3.3 million ft 3 /yr), select white oaks (3.2 million ft 3 /yr), other eastern soft hardwoods (2.4 million ft 3 /yr), and other red oaks (2.3 million ft 3 /yr) ( Table 11 ). The reported estimates may not yet provide a true depiction of removals because only two inventory panels have been remeasured. The remeasurement of additional panels will yield more definitive results.
Making up 16 percent of annual net growth, average annual mortality of growing stock on timberland was 23.1 million ft 3 /yr (Table 12) . Nearly 100 percent of total mortality was among hardwoods. The other eastern soft hardwoods group had the highest mortality at 11.9 million ft 3 /yr, or 51 percent of total mortality (Table 12) . Most of the mortality in the other eastern soft hardwoods group is likely due to a statewide outbreak of Dutch elm disease. The oak species groups accounted for 20 percent of total average annual mortality; within oak species groups, select white oaks had the highest mortality at 3.1 million ft 3 /yr (Table 12 ). Oak mortality in Iowa is generally caused by oak wilt and white oak decline. 
FOREST HEALTH
Dutch Elm Disease
Dutch elm disease (DED) continues to affect the structure and health of Iowa forests. Aerial surveys conducted along the Des Moines, Iowa, Cedar, and Mississippi Rivers detected DED on 1,362 acres in 27 counties in central and western Iowa. The highest incidences were in Black Hawk, Louisa, Clinton, and Buchanan Counties. DED affects all species of elm, but American elm is particularly susceptible; trees are often killed before reaching sawtimber size, so maturing stands present a future health risk.
DED is caused by the fungi Ophiostoma ulmi and O. novo-ulmi. Infected tree branches clog water-conducting tissues in an attempt to stop fungal growth and as a result, prevent water from reaching the crown. Leaves then wilt and die, causing tree death. The DED fungus is spread to healthy trees in two ways. Long-distance dispersal occurs when elm bark beetles pick up fungal spores in diseased trees and carry them to healthy trees. Spores are deposited as beetles feed in twig crotches or as they bore through the inner bark and sapwood. Local spread occurs through root grafts, which allow the fungus to readily move between neighboring trees. For more information on DED, see Haugen (1998) 
Oak Wilt
A significant contributor to oak mortality, especially in southeastern Iowa, oak wilt has been identified as the most serious disease affecting Central States forests. All species of oak are susceptible to oak wilt, but the disease occurs more frequently and progresses more rapidly in red oak species. Oak wilt is caused by the fungus Ceratocystis fagacearum. As with DED, the fungus enters the vascular system of trees. In an attempt to block fungal growth, the tree plugs water-conducting tissues, which disrupts the translocation of water from the roots to the crown. This disruption causes the foliage to wilt and die. Rapid progression of the disease results in tree mortality within a year of initial infection. As there is no cure for oak wilt, prevention and early detection are important means of sustaining tree health.
C. fagacearum can spread through root grafts or be transported from a diseased tree to a healthy tree by sap-feeding beetles carrying fungal spores. Spread of the fungus through the root system is inhibited by mechanically breaking natural root grafts that have formed between diseased and healthy trees. Overland spread can be reduced by removing dead or dying oaks before fungal mats, which contain spores, are produced. Effective fungal mats only form during the first spring following tree death, and only if there is adequate moisture in the bark; for this reason, dead trees should be removed and treated before fungal mats form. Standing dead trees left longer than 1 year can be left without posing further risk of fungal spread. Injury and fresh pruning wounds attract sap-feeding beetles, so unnecessary pruning, and pruning between April 15 and July 1 should be avoided. Additional information on the biology and control of oak wilt can be found in O' Brien et al. (2000) , available at http://www.na.fs.fed.us/spfo/pubs/howtos/ht_o akwilt/toc.htm.
White Oak Decline
In recent years there has been an increase in the amount of mature standing-dead white oak in northeastern Iowa woodlands. The cause of this white oak decline and mortality has yet to be identified. Researchers from the Iowa DNR and the Forest Service are investigating this decline complex. Aerial surveys conducted in 2005 revealed that the combined area affected by white oak decline and oak wilt totaled 1,422 acres.
Sudden Oak Death
Phytophthora ramorum is the causal agent of sudden oak death (SOD). Hosts of P. ramorum include many species of oaks, Douglas-fir, Rhododendron spp., and a variety of other trees and shrubs. On oaks, P. ramorum causes bleeding cankers along the stem. Cankered trees can survive for several years after infection. However, mortality occurs within weeks of the onset of crown dieback (O'Brien et al. 2002) 
Emerald Ash Borer
Emerald ash borer (EAB), an exotic inner bark-boring beetle, was discovered in the United States in 2002. From its introduction point in southeastern Michigan, this insect has spread throughout Lower Michigan and into Ohio and Indiana; in 2006, during the writing of this report, EAB was positively identified in Maryland and northeastern Illinois. EAB attacks and kills all species of ash, including green, white, and black ash. Larval feeding and gallery production in the phloem and outer sapwood sever the flow of nutrients and girdle the tree, causing tree death. Mortality occurs within 1 to 3 years of initial infestation. Since its discovery, EAB has killed millions of ash trees. Natural spread of EAB has been enhanced by human-assisted transportation of infested firewood and nursery stock. 
Invasive Plants
Invasive plant species continue to threaten the health of Iowa forests. Garlic mustard, buckthorn, bush honeysuckle, and multiflora rose are the state' s primary woodland invaders. In the battle for limited resources, invasive species often outcompete native plants and thus achieve greater reproductive success. Invasive species are a major concern because they threaten overall ecological diversity and alter natural communities. Efforts to monitor the presence and severity of invasive species in Iowa are under way.
SUMMARY
The area of Iowa timberland is increasing. Growing-stock volume is also rising, having nearly doubled since 1990. While Iowa forests are reasonably healthy, the dispersal of exotic insects and fungal pathogens continues to threaten forest health.
APPENDIX Accuracy of the Inventory
Sampling errors measure the uncertainty in estimates derived from a portion of a population rather than from the population as a whole. The following are sampling errors for the estimates of statewide totals in this report. These sampling errors represent a 67-percent confidence interval. The 2005 Iowa forest inventory includes a total sample of 6,067 plots over the entire state from 2001 to 2005. All of the plots provide information for estimates of current conditions (area, volume, and biomass), but only the remeasured plots provide information for estimates of change (growth, removals, and mortality).
Current estimates for growth, removals, and mortality are based on remeasurement of plots established in the first and second panels of the annual inventory (1999 and 2000) . Over the next 3 years, the remaining panels will be remeasured and estimates of change will be annually updated with new measurements. The smaller number of sample plots currently available for estimation of change components is reflected in the sampling errors presented in this report. Sampling errors for growing-stock growth, removals, and mortality on timberland (14.66 percent, 38.34 percent, and 18.88 percent, respectively) are considerably higher than those for timberland area and growing-stock volume on timberland (2.74 percent and 4.84 percent, respectively).
The annual inventory system includes new remote sensing technology, and a new sampling design and plot configuration. The advent of remote-sensing technology has allowed NRS-FIA to use classifications of Multi-Resolution Land Characterization data and other available remote sensing and GIS products to stratify the total area of the state and improve the precision of estimates. Additionally, new algorithms have been used to assign forest type and stand-size class to each condition observed on a plot. These algorithms are employed nationwide by FIA to increase consistency among states.
Inventory Phases
The annual inventory system is based on a three-phase inventory. In the first phase, classified satellite images are used to stratify the state and aerial photographs are used to select plots for measurement. The second phase involves measuring of a traditional FIA suite of mensurational variables (basic tree and stand attributes), while the third phase focuses on measuring a suite of variables related to forest health.
The only plots that could not be measured were on: (1) private land where field personnel were unable to obtain permission from the owner to measure the field plot, and (2) plots that were inaccessible because of a hazard or danger to field personnel. The methods used in preparing this report were adjusted to account for sites where access was denied or hazardous.
Phase 1
This inventory used a classification of satellite imagery and ancillary data for stratification. FIA used the imagery to form two initial strata: forest and nonforest. Pixels within 60 m (2-pixel widths) of a forest/nonforest boundary formed two additional strata: forest edge and nonforest edge. Forest pixels within 60 m on the forest side of a forest/nonforest boundary were classified in a forest edge stratum. Pixels within 60 m of the boundary on the nonforest side were classified in a nonforest edge stratum. In addition, all strata were divided into public or private ownership based on information available in the Protected Lands Database (DellaSala et al. 2001 ). The estimated population total for a variable is the sum across all strata of the product of each stratum' s area (from the pixel count) and the variable' s mean per unit area (from plot measurements) for the stratum.
Phase 2
Phase 2 of the inventory consisted of measuring 6,067 field plots throughout the state. Current FIA precision standards for annual inventories require a sampling intensity of one plot for approximately every 6,000 acres for phase 2 plots. FIA has divided the entire area of the United States into nonoverlapping hexagons, each of which contains 5,937 acres (McRoberts 1999 ). An array of field plots was established by selecting one plot from each hexagon based on the following rules: (1) if an FHM plot (Mangold 1998 ) fell within a hexagon, it was selected; (2) if no FHM plot fell within a hexagon, the existing NRS-FIA plot from the most recent periodic inventory nearest the hexagon center was selected; and (3) if neither FHM nor existing NRS-FIA plots fell within the hexagon, a new NRS-FIA plot was established in the hexagon (McRoberts 1999) . This array of plots is designated the federal base sample and is considered an equal probability sample; its measurement is funded by the Federal government. Of the 6,067 phase 2 field plots measured for the 2005 annual inventory, 618 plots contained forest land.
The total federal base sample was systematically divided into five interpenetrating, nonoverlapping subsamples or panels. Each year, the plots in a single panel are measured; panels are selected on a 5-year, rotating basis (McRoberts 1999) . For estimation purposes, the measurement of each panel of plots can be considered an independent systematic sample of all land in a state. Field crews measure vegetation on plots forested at the time of the last inventory and on plots currently classified as forest by trained photointerpreters using aerial photos or digital orthoquads.
Phase 3
One of every 16 phase 2 plots is also a phase 3 plot. Using a sampling intensity of one plot for approximately every 96,000 acres, phase 3 plots are measured with the full suite of FHM vegetative and health variables (Mangold 1998) collected as well as the full array of measures associated with phase 2 plots. Phase 3 plots must be measured between June 1 and August 30 to accommodate the additional measurement of nonwoody, understory vegetation; ground cover; soils; and other variables. The five panels of measurements that make up this inventory include 374 phase 3 plots, of which 40 contained forest land.
The new national FIA plot configuration ( fig.  5 ) was first used for data collection in Iowa in 1999, the first annual inventory year, and will continue to be used in subsequent years. The national plot configuration requires mapping forest conditions on each plot.
The overall plot layout for the new configuration consists of four subplots. The centers of subplots 2, 3, and 4 are located 120 feet from the center of subplot 1. The azimuths to subplots 2, 3, and 4 are 0, 120, and 240 degrees, respectively, from the center of subplot 1. Iowa, 1999 Iowa, -2000 Iowa, to 2004 Iowa, -2005 Iowa, 1999 Iowa, -2000 Iowa, to 2004 Iowa, -2005 
